INTRODUCTION
Permanently growing requirements for the automobiles design require replacing of iron based alloys with light metal alloys and also forming technologies with more economical casting technologies. However, the mechanical properties of commonly used cast aluminum alloys such as EN AC-42100 obtained by conventional or eventually unconventional methods such as casting with crystallization under pressure (CCP) or SSM (semi-solid metal) casting [1] may not always be sufficient, e.g. requirement on the minimum value of elongation for critical components is about 15 %. The aim of this work is prepared the castings with nondendritic (spheroidal) morphology of the solid solution by method of casting with crystallization under pressure (CCP) with forced flow and enhance mechanical properties. The application of pressure during solidification should refine the primary structure and pressure forced shear stresses should break dendritic morphology and suppress its formation, or provide spheroidal morphology, which is better for the transfer of high stresses. Using of suitable heat treatment aimed at modification of eutectic silicon [2, 3] , which is able to exploit the potential of castings should bring significant increase in mechanical properties.
MATERIAL AND METHODS
Existing research of pressure effect on the properties of the primary structure showed that during the solidification of the glass shaped castings under pressure can be formed flow situations necessary for the formation of spheroidal morphology as well as in the SSM casting. The proper shape and temperature coordination of the pressure application are the precondition of flow formation and the shear stress occurrence, which guarantees achieving the spheroidal or non- 23 1 Institute of technologies and materials, Faculty of Mechanical Engineering, Slovak University of Technology in Bratislava, Námestie slobody 17, 812 31 Bratislava, branislav.vanko@stuba.sk, ladislav.stancek@stuba.sk dendritic morphology of the solid solution. The flow can be initiated either as a result of temperature and phase volume changes during the cooling down period, or by break of the mass balance of the solidifying alloy by conducting away the part of the batch volume from the die cavity during solidification. Both ways were explained e.g. in the works [4, 5] . The experimental material was prepared by two regimes of casting using both methods. The result were a model castings presented in Fig. 1 . The casting regime No. 1 used the CCP method, the forced flow of the melt was initiated only by the volume changes during the alloy solidification and cooling down. The casting regime No. 2 represented the modified method of the CCP in which the intensity of the forced flow was increased by conducting away 10 % of the melt volume during the solidification outside the die. The casting regime No. 3 is a comparative one, and during the casting only gravitation forces and the weight of the punch were used. The other elements were contained in the alloy only in trace amounts. During melting the alloy was treated with covering flux and prior to casting with cleaning flux. At the melt temperature of 620 °C (or 630 °C for gravity casting), the die was opened and after a further decrease to 617 °C (or 627 °C for gravity casting), the melt was dosed into the die with a temperature of 80 °C. Within 5 seconds of the beginning of casting, the die was closed and the value of pressing force reached the preset maximum of 400 kN, which corresponds to the pressure in the die cavity about 100 MPa. For production of CCP castings (regimes No. 1 and No. 2) the hydraulic press was used. After 30 seconds from the beginning of applying the maximum pressing force, the die was opened and the casting was ejected.
The following independent quantities of the process were sensed, measured and evaluated: melt temperature T, die temperature T D , punch displacement h (observing and describing the volume changes during the solidifying and cooling of the casting), and pressure p h measured in a hydraulic system.
The tensile specimens ( Fig. 2 ) for tensile testing were made by milling operation out of 16 segments. These were obtained by axial sections of castings, so that the longitudinal axis passed
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Vol. 22, 2014, pp. 98-103, DOI:10.2478/stu-2014-0017 through the center of the casting wall thickness, and were heat treated in a thermocouple controlled, laboratory, electric resistance muffle furnace. Furnace temperature was stabilized at a temperature of 540 °C. The times of the solution annealing were set according the SST theory [2, 3] at 3, 5 and 10 minutes (T6x3, T6x5, T6x10). The time for obtaining the temperature over 500 °C in the core of the tensile specimens was set in advance at 2 minutes by means of calculation, so the total times in the furnace were 5, 7 and 12 minutes. After removal from the furnace the specimens were quenched into water with a temperature of 20 °C. Artificial aging was made in the same laboratory furnace stabilized at a temperature of 160 °C. The time of artificial aging was 4 hours. Cooling down of the tensile specimens after aging was carried out in the open air. Mechanical properties were determined by the tensile testing which was carried out in accordance with the standard STN EN 10002-1:2001 at ambient room temperature on a universal electromechanical testing machine with the crosshead separation rate of 2.5 mm.min -1 . The computer automatically determined the tensile strength R m , yield strength R p0.2 , as well as the percentage elongation to fracture (further only elongation) A.
RESULTS AND DISCUSSION
As a result of the external pressure application in the process of solidification and cooling, the heat transport coefficient is significantly rising [6] . In fact the air gap between the casting and the mould is eliminated and the speed of cooling and solidification is increasing. The obtained cooling rate in the liquid state after pressure application into recalescence, measured in the middle of tube part height and in the middle of casting wall thickness, was in the both CCP regimes of casting (No. 1 and No. 2) in the range (6 -8 . This data is essential for the definition of cooling and solidification conditions significant for refining of the primary structure.
The values of mechanical properties obtained by the tensile testing are presented in the Table 1 . Each of them is always an average received from three tensile specimens. cast (F * ) higher than usually reported tensile strength value of CCP castings after the heat treatment T6 [1] . This can be explained by natural aging of the super saturated solid solution. The amount of super saturation is influenced by a high cooling rate and the diffusion lowering in the liquid state as a result of the high external pressure acting in the process of solidification and cooling of the alloy. It should be mentioned that the castings after the casting process (prior to heat treatment and the tensile testing) were allowed several weeks for natural aging. (It was probably the state roughly corresponding to castings which were heat treated according the regime T5. In the given case the controlled cooling from the forming temperature was given by a rapid cooling in the metal die as a consequence of mechanical pressure application and the aging was natural.) The yield strength R p0. 2 showed standard values, in accordance with data from literature. After comparing the values of mechanical properties of the castings obtained after various times of the heat treatment with the values of castings as cast, it can be stated that the maximum change of mechanical properties was achieved at the beginning (during the first three minutes) of the exposure of the primary structure to the solution annealing temperature. After the heat treatment T6x3 the tensile strength R m increased to values approximately 370 MPa, i.e. roughly by 50 to 60 MPa. It practically exhausted the whole growth potential of increasing the strength by means of the heat treatment, or at least its bigger part. After further prolongation of the exposure time of the primary structure to the solution annealing temperature, the strength changed only moderately. A similar change occurred also in the case of the yield strength R p0.2 . As for elongation A, the three minute dwell at the solution annealing temperature though caused its significant increase (at the casting regime No. 1 from 11 to 18 % and at the regime No. 2 from 12 to 16 %), however, the elongation potential growth of the SST heat treatment remains still preserved.
A further increase of the dwell at the solution annealing temperature meant in the case of the tensile strength R m and the yield strength R p0.2 reaching of maximal values, or a closely approaching them. The tensile strength R m of the alloy after casting in the regime No. 2 reached the maximum 386 MPa after 5 minutes dwell (T6x5). After casting in the regime No. 1 reached the value of the alloy tensile strength R m , at the same dwell, the maximum 379 MPa. The yield strength R p0.2 obtained the maximum 156 MPa in the regime No. 1 after 5 minutes dwell (T6x5). In the casting regime No. 2 the yield strength R p0.2 reached the maximum 178 MPa after as many as 10 minutes dwell on the temperature of the solution annealing (T6x10). This is closely beneath the limit of the minimal value required for these alloys. Longer dwell times on the temperature of the solution annealing already meant more or less a gradual decrease of the tensile strength R m .
The elongation A in general shows a higher sensitivity to the morphology and fineness of phases which are notch-structured. It is also valid for castings made by CCP with the forced flow. As cast in the regime No. 1 or No. 2 its average values were 11 and 12 % which are values typical for A356-T6 alloy cast by means of the CCP method [1] . The maximal elongation A value 21 % was reached in the case of a casting made in the regime No. 1 after as many as 10 minutes dwell at the solution annealing temperature. As for the casting in the regime No. 2 the maximal elongation A value 20 % was already reached after 5 minutes dwell (T6x5).
With respect to maximal values of the tensile strength R m and the yield strength R p0.2, regime No. 2 was chosen as the optimal casting regime, and as optimal heat treatment regime T6x5. The casting regime No. 3 did not meet the basic requirement with respect to the minimal 15 % elongation values, and the obtained values of the tensile stress when compared with the CCP method of casting were also lower.
For a clear explanation of the results should be carried out metallographic examination [7] of samples in the as cast state and the state after heat treatment.
CONCLUSION
1. Results of tensile tests confirmed that by casting with crystallization under pressure (CCP) with forced flow and by heat treatment with very short dwell times at solution annealing temperature before quenching can meet the requirement on minimal value of elongation for critical components over 15 %.
2. As the most suitable regime of heat treatment for chemically unmodified EN AC-42100 aluminum alloy, cast under above mentioned casting conditions, was chosen the regime T6x5 with 5 minutes of the solution annealing (plus 2 minutes preheating) at the temperature of 540 °C, cooling in water at a temperature of 20 °C and 4 hours of artificial aging at the temperature of 160 °C. In this regime of heat treatment of the castings prepared in the casting regimes No. 1 and No. 2 elongations A of 18 and 20 %, tensile strengths R m of 379 and 386 MPa and yield strengths R p0.2 of 156 and 174 MPa were achieved.
3. The presented dwell times of 3, 5 and 10 minutes at the solution annealing temperature represent a sufficiently wide technological window which makes possible to apply SST heat treatment to the real castings with unequal wall thicknesses. Beside advantageous mechanical
